Personality Facets and All-Cause Mortality Among Medicare Patients Aged 66 to 102: A Follow-on Study of Weiss and Costa (2005)
Having established that personality is related to health outcomes (1) , researchers seeking to understand these associations have used two approaches. One approach relies on regression-based methods (2) , and tests whether associations between personality and mortality are explained by potential mediators associated with both (e.g., 3) . Findings using this approach suggest that personality effects on mortality operate via many paths, which may differ across samples (1) .
A second approach capitalizes on the fact that personality domains are comprised of lower-order facets (4) . By identifying facets that underlie the association between a domain and longevity, one may rule out or rule in possible pathways. Ideally, these hypothesisgenerating findings will guide research using intervention trials to mitigate the unhealthful elements of personality or to amplify its salutary effects. For example, if the unhealthful effects of lower Conscientiousness are attributable to low self-discipline, that would suggest behavioral and psychoeducational interventions to improve time management skills.
Research underscores the importance of the Revised NEO Personality Inventory's (NEO-PI-R; 5) Self-Discipline facet of Conscientiousness. Self-Discipline is associated with smoking (6, 7), obesity (8) , the inflammatory marker interleukin-6 (9), cholesterol and triglyceride levels (10) , and longevity (11) . Other facets are implicated in health. For example, a hostile interpersonal style, an aspect of low Agreeableness, has been identified as a contributor to heart disease risk posed by the Type A Behavior Pattern (12) (13) (14) . Reduced all-cause mortality risk has been found to be associated with higher scores on Agreeableness's Straightforwardness facet (11) , Extraversion's Activity facet (15) , and the Openness's Feelings and Actions facets (16) .
Higher scores on Neuroticism's Impulsiveness facet have been associated with smoking (6) , poorer lipid profiles (10) , higher interleukin-6 levels (9) , and higher adiposity (17) . Therefore, one might expect that elevated Impulsiveness would be related to higher mortality, but, surprisingly, Weiss and Costa (11) found the opposite.
This study follows-on from Weiss and Costa's study (11) . In addition to testing whether additional facet-level predictors are associated with survival time, this study aims to see if the Impulsiveness findings (11) are observed over a longer follow-up period. It differs from the previous study (11) in three respects. First, we extended mortality surveillance by ~4.4 years and thereby observed an increased mortality rate (from ~18% in 2003 to ~61% in 2007), yielding greater statistical power (18) . Second, we tested all 30 facets. Weiss and Costa (11) tested only facets belonging to domains that found to be associated with mortality.
This earlier approach may have been overcautious because some studies have shown that personality facets are associated with mortality even if their parent domains are not (15, 16) .
Third, in addition to using proportional hazards regression as did the previous study (11), we used accelerated failure time (AFT) modeling. Parameter estimates derived from AFT modeling reflect differential median survival time, rather than the proportion deceased.
Inferences can therefore be drawn about the influence of personality on median longevity.
Methods

Participants
Participants were sampled from 1444 community-dwelling adults aged 65 to 100 at baseline who took part in the Medicare Primary and Consumer-Directed Care Demonstration (19) . Eligibility requirements included enrollment in Medicare Parts A and B, needing or receiving help with at least two Activities of Daily Living (ADLs) or three Instrumental Activities of Daily Living (IADLs), and being a hospital inpatient, nursing home resident, or home care patient within the previous year or visiting the emergency room at least twice within the past 6 months (19) . Enrollment lasted from July 1998 through June 2000. Enrolled persons participated for 24 months unless they died, dropped out, or were disenrolled for prespecified reasons. The last person completed the Demonstration in June 2002. Research data were collected at study entry and 22 months later.
The sample was drawn from 1082 participants who had valid NEO Five-Factor Inventories (NEO-FFIs; 5) at baseline and were not excluded for reasons such as not residing in the catchment area (11) . Participants also had to pass a cognitive screen, which involved being able to answer questions about subjective health, functional status, and life satisfaction, and to recall at least one of three words presented five minutes earlier. Of these participants, 324 died prior to the 22-month follow-up assessment. In addition, individuals were excluded if they failed the cognitive screen at 22-months post-baseline (n = 67), did not have NEO-PI-R data or missed more than 40 NEO-PI-R items (n = 64), did not pass the NEO-PI-R validation screen (n = 13), or had missing data for any covariate (n = 17) (11). The 597 remaining participants 1 were 66 to 102 years old at 22 months post-baseline (M age = 80.7; SD = 7.21) and included 144 men (M age = 79.7; SD = 6.74) and 453 women (M age = 81.0; SD = 7.33).
Mortality Surveillance
Like the previous study, mortality status and date of death were determined using the Social Security Death Index (20). The censoring date in the prior study (11) was July 31, 2003 . For this study, we selected the most recent update to the database that we have, December 31, 2007 , adding 53 months of surveillance. Mortality surveillance began with the date of each subject's 22-month NEO-PI-R personality assessment. Length of surveillance ranged from 5.55 to 7.65 years (M = 6.37; SD = 0.49). Thus, for some participants, mortality was observed for more than 9 years following study entry.
Of the 597 participants, 367 (61.5%) died. Compared to the previous study (11) , 262 participants previously classified as alive were now classified as deceased and 3 individuals previously classified as deceased were now classified as alive. Cases in which participants were previously recorded as deceased but who were now recorded as alive most likely reflect the fact that, for this study (but not the prior study), date of birth was used to confirm matches. It is possible but less likely that they reflect errors within the Social Security database.
Measures
Personality. Five-Factor Model factors and facets were assessed using the NEO-PI-R (5) . Following the manual (5), we substituted the value 2 for missing items and computed raw facet scores from the items. We then used adult combined-gender norms to convert the 30 raw facet scores into facet T-scores which were then used to create the five weighted factor Tscores (5).
Covariates. Like the previous study (11) , we controlled for factors related to health, personality, or mortality. Demographic covariates included gender, age (75 to 84 vs. 66 to 74, 85 to 102 vs. 66 to 74), and educational achievement (did not complete high school, completed high school, completed college or more). Health-related covariates included single item measures of self-reported physician-diagnosed diabetes or cardiovascular disease (present vs. absent), and a five point (excellent, very good, good, fair, and poor) self-rated health scale, smoking status (non-smoker, former smoker, current smoker). ADLs (0 to 5) and IADLs (0 to 7) were assessed with the Home Care version of the Minimum Data Set (21) . Presence of a major depressive episode in the past month was assessed using the patient version of the Mini-International Neuropsychiatric Major Depressive Episode Module (22) (23) (24) (25) with responses scored based on DSM-IV criteria (26) . Except for gender and educational achievement, which were assessed at baseline, covariates were assessed 22 months postbaseline.
Analyses
The primary analysis used was AFT modeling, which differs from proportional hazards regression in that the dependent variable is the log of the survival function as opposed to the log of the hazard function (27) . Proportional hazards regression and AFT models thus differ in how effects of predictor variables are interpreted. In proportional hazards regression, the effects indicate the ratio of hazards of two groups differing in the predictor variable (27) . Thus, a hazard ratio of 1.6 indicates that the effect of one unit increase is associated with a (1.6 -1) × 100 = 60% increase in the risk. Similarly, a hazard ratio of .6 indicates that the effect of a one-unit increase is to decrease the risk by (.6 -1) × 100 = 40%. AFT modeling effects are expressed in the degree of acceleration or deceleration, c, required so that the curve of one group equals that of another, S 1 (tc) = S 0 (t) (27) . Thus, a ĉ (the estimated acceleration coefficient) equal to 1.6 indicates that the effect of a one-unit increase is associated with a (1.6 -1) × 100 = 60% increase in median lifespan. Similarly, a ĉ equal to .6 indicates that the effect of a one unit increase is associated with a (.6 -1) × 100 = 40% decrease in median lifespan.
AFT modeling offers advantages over proportional hazards regression. First, AFT models provide reliable results even when proportionality is violated (27, 28) . Second, AFT model parameters are less influenced by omitted covariates (29) . Third, focusing on median length of survival is arguably more patient-centered; patients typically want to know "how long" they can expect to live in the presence of a risk marker, not simply the likelihood that the risk marker is associated with a shortened lifespan.
There were six sets of analyses. Predictors for each analysis included the covariates, one facet, and factor scores for the four personality domains that did not include the facet. For example, the model for the Impulsiveness facet included the covariates, Impulsiveness, plus Extraversion, Openness to Experience, Agreeableness, and Conscientiousness. Thus, each facet's effect is independent of the common variance of domains other than its parent domain. While running multiple univariate tests increases the type 1 error rate, it is the most appropriate way to conduct exploratory analyses.
The first two sets of analyses used AFT models to identify facet-level predictors of mortality risk when time to death was based on the 2003 mortality data from the earlier study (11) and the 2007 mortality data, respectively. The third set was identical to the second except that it used proportional hazards regression. Like the previous study (11), we categorized age, educational achievement, ADLs, and IADLs in these analyses. Moreover, the previous findings indicated that Conscientiousness effects were limited to the higher end of the scale (11) . Thus, when testing Conscientiousness facets we dichotomized facet scores, high (T > 55) or average to low (T < 55), and categorized factor scores for Neuroticism, Extraversion, Openness to Experience, and Agreeableness as low (T < 45), average (T = 45-55), or high (T > 55). When testing Neuroticism, Extraversion, Openness to Experience, and Agreeableness facets, personality variables, including Conscientiousness, were entered as continuous variables scaled as z-scores.
The fourth, fifth, and sixth sets of analyses were comparable to the first, second, and third set, respectively. However, factor and facet scores, age, ADLs, and IADLs were continuous rather than categorical.
We conducted proportional hazards regressions and AFT modeling using the coxph and survreg functions, respectively (30) as implemented in R 3.0.2 (31) . Based on preliminary analyses, we specified a Weibull distribution for AFT models. Table 1 displays sample characteristics for the full sample and by 2003 For Neuroticism, Impulsiveness was significantly related to a 28% increase in survival time during the shorter surveillance period. Neuroticism facets were not associated with survival time when the surveillance period was longer.
Results
For Extraversion, Gregariousness (which like all other Extraversion facets was not examined in the 2005 study) was significant during the shorter surveillance period. Each standard deviation increase was associated with a ~15% decrease in survival time.
Extraversion facets were not associated with survival time over the lengthier surveillance period.
For the shorter surveillance period, Openness to Experience facets were not significant. However, the Fantasy facet was significant during the longer surveillance period with each standard deviation increase being associated with a ~9% increase in median survival time. Altruism, Tender-Mindedness, and Compliance were significantly associated with increases in median lifespan ranging around 9 to 11%.
For Conscientiousness facets, being high versus average or low in Self-Discipline was associated with a ~80% increase in median lifespan over the shorter surveillance period. The advantage high Self-Discipline conferred over the longer surveillance period was ~34%.
Full results for the analyses are presented in Supplementary Digital Content 1 to 6. In the shorter surveillance period, only ADLs were significantly associated with survival in all 30 models: compared to subjects with no ADLs, those with 2 to 5 had ~40-45% reductions in median survival time. In the extended surveillance period, six effects were significantly related to longevity in all 30 models. Compared to 66 to 74 year olds subjects, 75 to 84 year old and 85 to 102 year olds had ~20-24% and ~44-47% reductions in median survival time, respectively. Also, compared to subjects with no ADLs, those with 2 to 5 showed a ~31-34% decrease in median survival time and subjects with 5 to 7 IADLs showed median survival times that were ~23-26% less than those with 0 to 4. Finally, smoking was related to decreases in median survival time: compared to non-smokers, former smokers showed declines of ~17-21% in median survival time and current smokers showed declines of ~35-40%.
AFT results when covariates were continuous were mostly consistent with those when covariates were categorized (see left panels of Tables 2 and 3 ). There were three exceptions:
Self-Discipline was not significant in either surveillance period, Openness to Fantasy was not significant in the longer surveillance period, and Openness to Feelings was significantly related to an 8% reduction in median survival time for the longer surveillance period.
For survival to 2007 with categorized covariates, AFT modeling and proportional hazards regression yielded similar results (see middle and right panels of Table 2 ). The only difference was that the significance level for Altruism was slightly lower in the proportional hazards models than in the AFT models (p = .051 vs .045). For survival to 2007 with continuous covariates, AFT modeling and proportional hazards regression results were similar (see middle and right panels of Table 3 ). The only difference was that the significance level of Straightforwardness was lower in the proportional hazards models than in the AFT models (p = .035 vs. .053).
Discussion
A previous study found that higher Impulsiveness, Straightforwardness, and Self-Discipline were related to longer life in 597 66-to 102-year-old Medicare recipients (11) . In this follow-on study, the counterintuitive Impulsiveness effects were not observed but Straightforwardness and Self-Discipline (when dichotomized) still predicted longevity. In addition, higher levels of the Agreeableness facets Altruism, Compliance, and Tender-Mindedness were related to longevity. Thus, facets associated with generosity and higher quality interpersonal interactions become increasingly important in predicting survival. In addition, with the longer follow-up period, and depending on whether covariates were categorized, there was some suggestion that higher Openness to Fantasy and lower Openness to Feelings were related to longer survival. Thus, while personality facets associated with being more imaginative and able to create one's own inner world are longevity markers, being more aware of one's feelings and the tendency to experience feelings more intensely may portend a relatively shorter life.
Overall, the facet effects were weaker when follow-up time was lengthier. These findings are consistent with findings from a meta-analysis that examined the protective effect of Conscientiousness (32) . In this study, as the effects of some facets became weaker over the longer surveillance period, the effects of behavioral and standard biomedical (demographics, function) risk factors strengthened. For example, being a former smoker was significant in 5 of the 30 models when mortality surveillance ended in 2003 and was significant in all 30 models when surveillance was extended to 2007. Thus, causes of death may have shifted towards more distal and chronic causes.
Individuals with high Self-Discipline scores can motivate themselves to begin tasks and carry them through to completion, despite boredom or distractions (5) . Self-Discipline's effect magnitude, even with the additional surveillance time, was substantial; being high was related to living one third longer than individuals who were average or low. This protective effect was just greater than that of being 65 to 74 versus 75 to 84 years olds (~30%), but smaller than the difference between being 65 to 74 versus 85 to 102 years olds (~85%). It was also equivalent to the longer lifespan of participants with 0 to 4 versus 5 to 7 IADLs (~35%) and lower than the longer lifespan enjoyed by participants with 0 versus 2 to 5 ADLs (~53%).
Finally, Self-Discipline's effect magnitude was intermediate between the longer lifespan of
non-smokers vs. former smokers (22%) and non-smokers vs. current smokers (57%).
The finding that Self-Discipline is protective is consistent with research showing that higher NEO-PI-R Self-Discipline and related constructs are linked to positive health outcomes (9-11, 15, 33) and health-protective behaviors (6, 7, 34) . However, Self-Discipline's protective effects in this sample were limited to individuals at the higher end.
This may reflect the relatively poor health of this sample compared to samples in other studies.
Like the previous study (11) , we found that Straightforwardness was protective. Three Agreeableness facets ---Altruism, Compliance, and Tender-Mindedness ---joined with Straightforwardness in predicting survival.
Persons high in Straightforwardness tend to be "frank, sincere, and ingenuous," whereas low scorers are "more willing to manipulate others through flattery, craftiness, or deception" and "view these tactics as necessary social skills and may regard more straightforward people as naïve" (5) . As noted before (11) , high straightforwardness might lead individuals to have relationships with healthcare providers that are more beneficial to their health.
Persons high in Altruism have an "active concern for others' welfare" (5) . The Compliance facet is related to "characteristic reactions to interpersonal conflict" with high scoring individuals tending "to defer to others, to inhibit aggression, and to forgive and forget." Tender-Mindedness refers to "attitudes of sympathy and concern for others" (5) .
Individuals high in Altruism, Compliance, and Tender-Mindedness are thus likely to be invested in others and these dispositions should be beneficial in establishing social relations and networks. It is possible that patients with these characteristics are less likely to burden caregivers (35) , more likely to involve friends and family in their health care (36) , and elicit greater care and concern from health care or social services personnel.
By contrast, tough-minded individuals who operate by "cold logic" and hard facts, individuals who do not involve themselves in others' problems, or competitive individuals (5) may be at a disadvantage in establishing social relations and networks. Moreover, demanding, hostile, disagreeable patients may put more strain on their caregivers and receive poorer-quality care.
One explanation for why altruistic, compliant, tender-minded individuals live longer is that, over the longer follow-up period, participants increasingly depend on healthcare providers (physicians, nurses), informal caregivers (36) , and the formal network of aging services providers, including nursing facilities (37) . To test this one could explore whether Agreeableness facets are more protective when individuals become more dependent on caregivers and healthcare providers. Interestingly, a recent study in this cohort using 312 dyads (care recipients and their informal caregivers) found that Agreeableness in care recipients was associated with subjective ratings of caregiver physical but not mental health (35) .
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Another possibility is that altruism, compliance, and tender-mindedness are incompatible with the "toxic" component of the Type A behavior pattern (13) . Future studies should thus examine the relationship between these facets and this "toxic" component and attempt to determine whether these facets are confounded by Type A behaviors.
We found that higher Openness to Fantasy and lower Openness to Feelings were protective. Individuals high in Openness to Fantasy "have a vivid imagination and an active fantasy life" and tend to "daydream not simply as an escape but as a way of creating for themselves an interesting inner world" (5) . Their imaginations could represent a source of self-soothing and pleasure. As well, their inward focus may enable them to imagine, anticipate, and prepare for the need to navigate the transitions from optimization to compensation (38). It may be that these individuals, more so than low scorers who tend to be "more prosaic and prefer to keep their minds on the task at hand," (5) are better able to cope with chronic illness. Individuals high in Openness to Feelings are receptive to their "own inner feelings and emotions" they also tend to "experience deeper and more differentiated emotional states and feel happiness and unhappiness more intensely than others" (5) . Low scorers tend to "have somewhat blunted affects and do not believe that feeling states are of much importance" (5) . Thus, individuals higher in Openness to Feelings are more likely to experience intense affect and arousal, an experience that may become increasingly aversive with age.
Given that findings related to Openness facets were less robust than those related to Agreeableness facets, attempts should be made to replicate them. If these findings are replicated, future studies should investigate the psychological or biological mechanisms responsible. For example, to examine the role of imagination in reducing excess mortality, guided imagery could be explored as an intervention.
This study shares limitations with the previous study (11) , including the use of the Social Security Death Index, which has a lower sensitivity and specificity than the National Death Index, and the use of self-reports of physician-diagnosed cardiovascular disease and diabetes. This sample is also not representative of the general population. However, as previously noted (11) , these limitations are not likely to threaten this study's validity.
Another limitation was that the covariates were primarily associated with physical or psychological health; variables such as socioeconomic status were not taken into account.
However, as this sample was derived from a high-risk population and AFT modeling results are less influenced by missing variables (29) , it is unlikely that this limitation adversely impacted the findings.
We did not adjust for multiple tests and thus there is an increased type 1 error rate. Thus, some results may be chance findings and caution should be used when interpreting these results. However, we deliberately set out to conduct exploratory analyses and it was unclear what would be considered a 'family' of tests. As we noted earlier, future studies should attempt to replicate these findings. While this would involve the greater costs associated with incorporating broad measures of personality that include facets, the payoffs of understanding the mechanisms by which personality influences health and longevity would be well worth these costs.
Conclusions
After controlling for several risk factors, personality facets related to Agreeableness, Openness, and Conscientiousness were related to longer life in at-risk elderly. As the U.S. and international populations continue to age, finding markers of health resilience and vulnerability and determining how their effects change over time is of increasing importance.
Future researchers focusing their search on paths between personality and illness could benefit from better knowledge of the facets underlying longevity. Moreover, this knowledge Personality and survival 16 could conceivably help healthcare providers to better monitor patients, distribute resources, and design intervention programs that target patient subgroups and customize or tailor interventions to patient personalities. The Patient Protection and Affordable Care Act incentivizes greater patient engagement. Personality will thus probably exert an even greater influence on the delivery of healthcare as well as mortality in years to come. Future studies modeling the dynamics of the personality-health relationship across the lifespan and in different healthcare settings could help improve the health and well being of people in their last decades of life. 1 We were recently made aware of the possibility that 73 participants were cognitively impaired and thus their personality was rated by a caregiver or informant. Nineteen of these participants were in the sample of the present study. We retained these participants because excluding them led to only minor changes in effect sizes for all analyses in the earlier paper (11) . Note. Continuous variables are standardized (mean = 0; SD = 1). Significant effects presented in boldface. ĉ = 'Acceleration' or 'deceleration' associated with predictor. L 95 and U 95 indicate the lower and upper bounds of the 95% confidence interval, respectively 
